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EXECUTI VE SUMVARY

This plan describes the conduct of a study of Data Link
operational conditions and human factors for the term nal
ai rspace around the Ral ei gh-Durham North Carolina area.

Four renote cockpit sinulators (three B-727 and one B-737) were
networked into the Federal Aviation Adm nistration (FAA)
Technical Center's Air Traffic Control (ATC), Automated Radar
Tracking System (ARTS |11 A) | aboratory to formthe end-to-end
testbed for the study.

Ful | -performance level air traffic controllers and type-rated
airline pilots will participate as subjects. The controllers
will be selected fromthe Air Traffic Data Link Validation Team
(ATDLVT) and the pilots will be obtained fromthe Airline Pilots
Associ ation (ALPA), Air Transport Association (ATA), and the
Radi o Techni cal Conm ssion for Aeronautics (RTCA).

Research questions posed for this study include: (1) Wiat is the
m nimum crew alerting required, i.e., is aural alerting al one
sufficient or is visual and aural alerting required?; (2) Is
control display unit (CDU) location (forward vs. aft of the
throttles) a factor?; and (3) WII| voice annunciation of Data

Li nk messages i nprove pilot response tine and | essen pilot head-
down time? Data collection includes CDU | evel of effort
(keystrokes and errors), response tinmes, workload, video taping
of pilot head position (Data Link attention tinme), subjective
data through questionnaires, and aircraft state and position

dat a.



1. | NTRODUCTI ON.
1.1 OVERVI EW

This study is the first in a series of evaluations of Data Link
products and services where pilots and controllers participate in
si mul ations of aviation operations. The approach represented in
this test plan constitutes a flight deck experinent to be
performed in preparation for an end-to-end Data Link sinulation

pl anned for |late 1993 or early 1994.

Est abl i shnent of guidelines for cockpit inplenentation of Data
Li nk conmput er - human interfaces (CH) is the focus of this
evaluation. Tothis end, this experinment will focus on a nunber
of cockpit Data Link human factors issues that have been
identified as inportant by the Airline Transport Association
(ATA) and ot her bodies.

1.2 PURPGCSE

This evaluation wll exam ne crew al erting nethods, display
| ocation, and presentation of Data Link nessages.
Recommendati ons w || be nade regarding the acceptability of

i npl ementation optionsrelative to operations in term nal
airspace. Findings will be generalizable to the air traffic
control (ATC) systens and aircraft types used in the study.

1.3 SCOPE.

The cockpit Data Link CH study will assess a selected set of
Data Li nk services (see appendix A). Air traffic controllers
Wil interact with radar displays driven by Automated Radar

Term nal System (ARTS) |11 A equipnment. A thorough description of
the ARTSIITA inplenentation is contained in [1]. Pilots wll
interact with control display units (CDUs) in cockpit sinulators.

Fl i ght deck data collection will be limted to four anal og
di splay aircraft including one B-737 and three B-727 cockpit
simul ators. Automated entry of data clearances into flight
controls will not be part of the test design.

The rationale for using anal og instrunment cockpits is the
flexibility offered in installing and interfacing display devices
and crew alerting schenes. Moreover, the anal og phase Il cockpit
sinmul ators avail able for research purposes can incorporate Data
Li nk w t hout risking decertification. A further constraint on
this study is the requirenent for reasonable maturity in the
cockpit configuration. Federal Aviation Adm nistration (FAA)
researchers felt that, for this particular evaluation, the
sinpler CDUconfiguration is better understood and nore easily
controlled than a flight managenent conputer (FMC) configuration
wi th coupled flight control



Enmer gency conditions such as engine fire will not be incorporated
inthe scenarios, nor will traffic be placed on the runway
resulting in



go- around maneuvers. Potentially catastrophic events such as
t hese are beyond the scope of the eval uation because avail abl e
Dat a Li nk services have not been defined to accommodate them
Also, Data Linkin the termnal area has not yet been
denonstrated to be appropriate for other than routine
conmmuni cati ons.

1.4 RESEARCH QUESTI ONS.

The ATA Information Transfer Subcomm ttee has published a
requi renents paper [2]. Research questions addressed in this
test plan are derived, in part, from[2].

Ref erence to [2], section 5.5.3, "Distinction of Alerts,"” |eads
tothe first research question: Wat kind of alerting schene is
required to distinguish alerts for Data Link nmessages from ot her
cockpit alerts? The FAA's Aircraft Certification Ofice has been
preparing requirenents for donestic cockpit Data Link systens and
is considering the need for Iight and sound annunci ati on of Data
Li nk messages. FAA flight test pilots expect that sone

conbi nation of anindicator |ight and alerting sound may be
needed to provide a unique Data Link alert. This could be a

nondi stinctive sound with adistinctive light (or nmessage conmon
to other such alerts) or anon-distinctive light or nessage with
a distinctive sound.

It was decided to test the forner situation in this study because
t he anal og i nstrunent cockpits involved al ready have a non-

di stinctive nessage sound known as the selective calling signal
(SELCAL). A mmjor airframe manufacturer is also apparently
considering the use of a general purpose communi cation

annunci ating sound in future cockpits. The addition of a
distinctive light will provide a unique Data Link alerting
schenme. Therefore, the research question of interest is whether
there is a difference in pilot communi cation behavior (response
time to a Data Link nessage) between the conditions of non-

di stinctive (SELCAL sound only) versus distinctive (SELCAL sound
plus "ATC'" light) alerts.

G ven the |l ow frequency of SELCAL alerts for conpany or cabin
callsin termnal airspace, a SELCAL sound will be associ ated
with a Data Link nessage nost of the tine. Therefore, there may
not be nuch difference in pilot response tine between the planned
two alerting conditions unless the Iight (which stays on until

t he nessage is accessed) works as a rem nder during periods of
hi gh cockpit wor kl oad.

However, this study is part of a series of Data Link experinents
that will expand to enconpass oceanic and en route airspace. It
will be useful to use the sane alerting schene in other
environnents to contrast the results with crew behavior in

term nal airspace. Such work will hel p determ ne what type of



alert is adequate for Data Link annunciation in all phases of
flight. For exanple, the data fromthese studies may show that a
general purpose auditory alert (such as SELCAL) results in
acceptable pilot response tines intermnal, but not in en route
ai rspace, given that nore conpany and cabin calls are experienced
inthe latter situation. Further research is planned to eval uate
ot her alerting schenes, such as digitized voice.

The second research question posed for this evaluation is: Wat
isthe acceptability of an aft-center pedestal nmounted CDU given
head-up requirenents of term nal operations? This issue is of

i nterest because of the need to consider aft-CDU |ocations in
order to retrofit some cockpits with Data Link. Although there
is no itemin [2] regarding display placenent, this issue rel ates
to section 3.2, "Flight Crew Response Tine" and section 5.2.5,
"Head Down Tine."

The third research question addresses presentation of incom ng
voi ce nessages (section 5.2.7 in [2]). There is interest in

whet her digitized voi ce annunci ation of incom ng Data Link
messages W Il inprove pilot response tine and result in reduced
head-down tine. The study will conpare three nessage presentation
formats: voiceradio, Data Link, text format, and Data Link text
format plus digitized speech.

2. EXPERI MENTAL APPARATUS.
2.1 ATC SI MILLATOR.

The ARTS |11 A | aboratory at the FAA Technical Center will be used
to provide ATC for this study. The ARTS is a facility which uses
actual National Airspace System equipnent to create a system
capabl e of realistically exercising Data Link applications. The
ARTS Enhanced Target Cenerator (ETG allows the systemto act as
a functioning ATC sinul ator by providing radar data and voice
radioinputs fromsinulation "pilots" operating fromtermnals in
t he | aboratory.

The ARTS | aboratory is connected to a VAX 11/750 conputer which
acts as an enul ation of the future ground Data Link processor.
The VAX conputer supports digital conmunication between
simulation pilots and controllers. It provides two-way

communi cati on between controllers and high-fidelity aircraft
simul ators or actual airborne systens using Mode S or any other
install ed Data Link technol ogy. The VAX conputer also carries
navi gation data fromthe renote sinmulators to the ARTS in order
to permt the display of aircraft targets on each radar screen.
At this time, Data Link signal formats are not Radi o Techni cal
Committee for Aeronautics (RTCA) SC- 169 data dictionary
conpliant. Future studies will be conpliant.

2.2 COCKPI T CONFI GURATI ONS.




Anal og cockpit aircraft will be enployed in this evaluation. The
aircraft types represent transport category aircraft. Cockpit
descriptions are contained in the foll ow ng paragraphs.

Two B-727-200 cockpits, one B-727-100, and one B-737-300 cockpit
are networked into the testbed. Two of the four cockpits will be
equi pped with annunci ation | anps nount ed under the glare shield,
one promnent in the field of view of the left seat and one
promnent inthe field of view of the right seat.

Each cockpit will have a CDU nounted in the center pedestal. Two
cockpits will have CDUs nounted forward of the throttles and two
cockpits will have CDUs placed behind the throttle quadrants.
Auditory alerting and speech production will be provided by
personal computer (PC) generated sounds played over a

| oudspeaker. Al four anal og cockpits are classified as Phase |
flight simulators [3].

2.3 DI SPLAYS.
2.3.1 Multifunction CDU

This display is very simlar in form fit and function to

di spl ays commonly used as FMC CDUs. It is a Honeywel|l nodel CD
800 whi ch neasures 6.8 inches high by 5.7 inches wide and fits in
standard Dzeus rail nmounting. The display surface is 3.8 inches
by 3.8 inches and can display 9 lines by 24 colums of text in 2
fonts. Anessage recall switch is nounted on the front bezel in
the function key cluster. Brightness is continuously adjustable
fromfull brightness to a mninmum but still viewable, |evel.
Background illum nation is controlled by the aircraft master
dimer circuit.

2.3.1.1 D splay Formats.

Each uplink, except initial contact, requires a wilco or unable
response to conplete the transaction. These responses are
directly selectable by the |line select keys adjacent to the

Cat hode Ray Tube (CRT). Messages in the nessage |log are stored
from nost recent to ol dest and are sel ectable using the |ine

sel ect keys [10, 12]. Messages are marked to indicate type origin
and pil ot response associated with each nessage. Al functions
are selectable fromatop level nmenu. |If a new Data Link nessage
is received while the user is review ng | ogged nessages, a bezel
nmount ed annunci ator light will activate and the new nessage can
be accessed using the "D R' key, as usual. See appendix B for a
description of the Honeywel|l CDU and its operation.

2.4 CREW ALERTI NG
2.4.1 Auditory Alerting.

Auditory alerting will be provided by a "Pro Audi o Spectrum 16"
brand audio digitizer card installed in the Data Link nessage



processor. This card can record audio and play it back under
process control. It is capable of 16 bit record and pl ayback at
arate of 2 kilohertz (kHz) to 44.1 kHz. Sounds will be heard in
each cockpit through a self-powered SONY SRS-88 | oudspeaker with
user-controll ed vol une.

A SELCAL sound will be recorded and pl ayed back as part of the
alerting experinental factor. The SELCAL sound used in B-727
cockpits is usually a two-tone, nechanical doorbell chine. The
sane units are available for donmestic use. The SELCAL sound used
for this experinment was digitally recorded froma "Nutone" brand
door bel | .

2.4.2 Visual Alerting.

Vi sual cues will be provided by a conbination of glare shield
nmount ed, blue lens, aviation-type |lanps and |lighted distinctive
nmessage i ndicators on the CDUs or CDU | anps al one (dependi ng upon
experinmental condition) [11,13]. Al visual cues will be |lit as
long as the current Data Link nmessage is pending. dare shield

| anmps will not flash.

It is recognized that, in the experinental conditions with
forward nounted di spl ays and no glare shield light, pilots may
detect the small "DSPLY" |ight (which should be visible in their
peri pheral visual fields) on the CDU upon hearing the SELCAL
sound. As aresult, the factors of display |ocation and alerting
may i nteract. However, the presence or absence of this
interaction will provide useful information on alerting. It may
be the case, for exanple, that the CDU light wll provide as good
visual alerting (wthrespect to response tines) as the glare
shield Iight.

The ARTS |11 A Data Link software allows for only one nessage
transm ssion at a tinme. Pilots nust wilco or unable each ATC
message before another can be transmtted. Therefore, during
routi ne operations, it will not be necessary to access the
message | og function of the CDU to read pendi ng nessages, nor
will it be necessary to maintain visual alerting until al
nessages are read.

2.5 SPEECH SYNTHESI S.

Announcenent of Data Link nessages will be provided by the sanme
audio digitizer card and | oudspeaker used for the Data Link
alerting sound. A set of spoken Data Link nessage conponents
have been recorded by an air traffic controller and digitized on
the hard di sk of each renote sinulator Data Link PC. These
recordings will be accessed by control software when Data Link
nmessages are received fromATC. As with a text nmessage, a Data
Link alert wll be activated and the pilot will be required to
press a key on the Data Link CDU to hear the nessage. The
message will simultaneously appear in text format on the CDU. In




both text only and speech with text conditions, a wilco or unable
response nmust then be selected fromthe Data Link CDU

3. SUBJECTS.

Al subject pilots will be type-rated in the aircraft that they
wll operate. Al first officers wll be qualified (but not
necessarily type-rated) in the specific aircraft. Subjects may
or may not be current in the aircraft. A captain and first

of ficer (as opposed totwo captains) will fly in each crew. In
the rare event that thereis a last mnute cancellation, a
retired pilot (type-rated captainor qualified first officer)
with recent flight simulator experience, may be substituted. It
is planned to obtain captains and first officers fromthe Airline
Pilots Association (ALPA). ParticipationfromATA and RTCA w ||
al so be invited.

G ven a survey of avail able subject pools, it will not often be
possible to recruit flight crews fromthe sane airline. A policy

of mxing crews fromdifferent airlines will place all crews
under the sanme starting conditions. Intentionally m xing crews
fromdifferent airlines will elimnate the problemof crews from

different airlines not being famliar with each other's
procedures. This will require crews to agree upon basic flight
procedures during the pre-experinment briefing.

The briefing will cover a description of the experinent, use of
cockpit checklists, airspace information, m ssion description,
and Data Link procedures. Each crew w || have the requirenent of
one day at a flight sinulator location. A total of 32 crews wll
be needed for the study.

4. EXPERI MENTAL DESI G\.
4.1 EXPERI MENTAL FACTORS DESCRI PTI ON.

From section 1.4, there are three equipnent-rel ated i ndependent
vari abl es that can be examned in a controlled experinent. These
include crew alerting, display |ocation, and nessage displ ay.

4.1.1 Crew Alerting.

Coincident with the arrival of Data Link nessages, flight crew
attention will be directed to the Data Link CH by one of two
alerts. Crew alerting will consist of either SELCAL sound only
or SELCAL tone conbined with forward primary field of view visua
alerting (a blue light nounted on the glare shield in front of
each pilot). In both cases, a light on the CDU will activate at
the sane tinme as the other alerts. Visual alerting will be

mai nt ai ned as long as a Data Link nmessage is pending. There are
two levels inthis factor (SELCAL sound only or SELCAL sound with
glare shieldlight).



During the study, in order to reinforce to subjects that SELCAL
is amultipurpose cockpit annunciation sound, it will be
triggered for other messages during sone of the flights. During
44 percent of the flights, the SELCAL sound will be activated.
The crew w || have been previously instructed that they should
ask the site facilitator (who is also in the cockpit) for a
preprinted conpany nessage. The nessage will instruct them
regardi ng a gate change.

4.1.2 CDU Locati on.

Display location is derived froma study that surveyed
anticipated Data Link display locations in airline aircraft [4,
5]. The two nost common | ocations were center pedestal forward
and aft of thethrottle quadrant. There are therefore two |evels
in this variable.

CDUs will be mounted in aft positions in sinmulators one and two
and in forward positions in sinmulators three and four.

4.1.3 Message Displ ay.

Three experinmental conditions will be created that relate to the
met hod for displaying ATC instructions. In one, the arrival of
incom ng Data Link nmessages w |l be sinultaneously announced by
sonme conbi nation of visual and auditory alerts. After pressing
the DIRkey on the CDU bezel, the Data Link nmessage will be

di splayed intext format. WIco or unable is then sel ected,
usi ng ot her CDU keys.

In the second condition, the button press on the CDU wil |
activate adigitized air traffic controller's voice that speaks

t he message over a cockpit | oudspeaker. Sinultaneously, the Data
Li nk nmessage text will be displayed on the CDU. The aircrew wll
be able toreplay the voi ce nmessage by pressing a key on the CDU
The wilco or unabl e response will be nmade using CDU keys.

The third communi cation condition will be voice only (Very High
Frequency (VHF) radio). Al ATCinstructions will be transmtted
over the radio channel with no other visual or auditory alerting.
This situation is included so that baseline data can be collected
on pilot situation awareness, comrunication activities, and
wor kl oad. Accordingly, a proportion of the flights conducted by
each flight sinmulator will be wth voice only comuni cation (the
CDUs will beturned off) and the rest will involve Data Link
usage.

4.2 TEST DESI G\

The nmessage display factor has three levels, and the alerting and
di splay location factors each have two levels, resulting in a
3x2x2 m xed plot, factorial experinental design. Figure 1 shows
the four sinmulator configurations for alerting, |ocation, and
nmessage di splay. The CDU | ocation and alerting vari ables are




bet ween-subj ects factors, while the nessage display factor is
W t hi n- subj ect s.

It should be noted that, although voice-only is |listed as one of
the l evel s of the nessage display factor, it is only included in
order to collect baseline data on a nunber of the dependent
measures. The between-subjects factors of display |ocation and
alerting will not be relevant in voice-only conditions. The
remai ni ng paragraphs inthis section describe the dependent
measures and data col |l ection net hods.

4.3 NUMBER OF RUNS.

It is planned to conduct the experinental trials over the
course of 8 days for 8 hours per day (including pilot training
and debriefing). Prior to the first experinental run, a 20

m nute Data Link practice flight will be conpleted w thout the
sinmul ators being on-line with the FAA Technical Center systens.
Followng thiswill be three data collection runs. Each wll
last 1 1/2 hours, thus allowing for 3 runs per day (with
breaks). The order of theruns wll be counterbal anced to
conpensate for practice effects.

DISPLAI LDCATIDN
SIM. S5IM.
HASA OEK CITY
SIM. 2 SIM.
AVIA DELTA
& CREWS & CREWS ////f
6 RUNS & EUNS
R 18 FLIGHTS| 18 FLIGHTS
6 CREWS & CREWS //f//
DATA LINE| & RUNS & RUNES
TEXT 18 FLIGHTH 18 FLIGHTS
DATA LINE| & CREWS & CREWS SOUND
TEXT & & RUNS & RUNS E
VOICE 18 FLIGHTS 18 FLIGHTS LIGHT
SOUND
FWD. AFT.

NOTE: The nessage display factor is carried across al
simul ators. The conbi nati ons of other factors are uni que
to each simulator. A mninmumset of six runs is needed



per simulator site for a full set of data.
FIGURE 1. EXPERI MENTAL DESI GN.

This will result in a total of 24 runs available for data
collection for simulator site. Pilots will fly a m ni num of
three flights per run (three arrivals) and will alternate roles
of flying pilot (FP) and non-flying pilot (NFP) between each
flight. This will create a total of at least 72 flights over
the 8 days. There will be a mninmumof 24 arrival flights in
each cell of the design. However, only six crews at each site
W Il be necessary to collect an acceptable set of data. The
other 2 days of data collection will be included to conpensate
for lost runs due to scheduling limtations at one simnulator
site and to act as backup should technical problens result in
| oss of dat a.



4.4 DEPENDENT MEASURES.

The dependent variables in this evaluation are:
a. Communication activity.
b. Errors.

c. Time intervals from nmessage annunciation to pil ot
reaction.

d. Situation awareness (SA).

e. Wrkl oad.

f. Pilot head-down tinme. (Data Link attention tine.)
g. Fuel burn.

h. Crew interactions.

i. Subjective opinions regarding the cockpit Data Link
interface, alerting nethods, display |ocation, and speech
synt hesi s.

J.  Time Coordination.

A description of the dependent variables and nmethods to neasure
themare presented in the foll ow ng paragraphs.

4.4.1 Communication Activity.

Comruni cation effort will be conpared between voice and Data Link
by measuring the total anmount of tinme pilots spend using the VHF
radio and Data Link nodalities. Level of effort for Data Link
(between the Data Link related experinental conditions) wll be
gauged by the nunber of keystrokes used to access and respond to
Dat a Li nk nessages.

Each tinme a CDU keyboard button is depressed, its associated
ASCI| code will be logged, and tinme tagged with 0.1 second

preci sion. Each sinulator location will enploy a PC processor
functioning as display driver, telephone circuit interface, data
| ogger, and audi o generator. This processor wll collect cockpit
event data, tine tag each event, and store the data onto hard

di sk storage nedia. Avideo canera in each cockpit will also
record Data Link activity. At the end of each day, the site
coordinator will copy all datafiles onto floppy disks for
overnight mailing to the FAA Technical Center. A second set of
floppy disk file copies will be nade and retained at the site for
backup.

The dat abase formed by keystroke data will be organized by run
and will be correlated post-facto with records from conputers at
the FAA Technical Center. Controller and pilot m crophone use
wll be recorded at the FAA' s | aboratory voice switching system



t hrough the active push-to-talk status word in the sinmulator data
stream Each nessage will be tinme stanped to one second
precision. Voice recordings of all controller and pil ot
interactions will also be available fromthe | aboratory voice

SwW tching system

4.4.2 Conmmunication Errors.

The site facilitator will note the incidence of voice and Data
Link errors by recording the nunber of times during each flight
that pilots or controllers initiate a voice radi o transm ssion
ainmed to clarify or correct a previous nessage.

4.4.3 Tine Intervals

Response tinme epochs will be | ogged based on key events in the
Data Link transaction. These are defined as follows and are
shown in figure 2. Each event wll be recorded by the
appropriate FAA Technical Center or renote sinmulator site
conput er.

1 2 3 4
Crew Access DL W co/ Si mul at or
Al ert Message Unabl e Response
¥ ¥ ¥ %,
Cockpi t epoch 1 epoch 2 epoch 3

Events [/ 1111 1EEETEEEEEEEE bbb i irrrirrrnry
DL - DATA LINK

NOTE: KEY COCKPI T AND ATC UPLI NK AND DOMNLI NK EVENTS AND TI ME
EPOCHS TO BE MEASURED

FIGURE 2. KEY RESPONSE Tl ME EVENTS

event 1: I nci dence of crew al ert announci ng nessage pendi ng.

event 2: Pil ot presses nessage key to call nessage to view ng
surface.

event 3: Pil ot presses w | co/unable key.

event 4: Pil ot nakes control input and the sinulator responds

to uplink nessage.
The time neasurenent epochs associated with each interval are:

epoch 1: Begins with incidence of crew Data Link alert. Ends with
pil ot selecting the nmessage for display.

epoch 2: Begins with pilot selection of the nessage for display
and ends with the selection of a wilco or unable
response.




epoch 3: Begins with a pilot wilco or unable selection and ends
with a control input as indicated by navigation data
transmtted by the sinulator. Navigation data wll be
avai l able fromthe ARTS system

4.4.4 Situation Awareness (SA).

There is concern by the ATA that aircrew SA will be degraded by
the renoval of the radio "party |ine" as ATC conmuni cati on
shifts toData Link. 1In order to evaluate this concern
enpirically, aircrewSA will be nmeasured during both voice-only
and Data Link runs. There are a nunber of different kinds of
party line information (PLI) gained fromradi o communication
bet ween ATC and aircraft and between aircraft. Mdkiff and
Hansman conducted questionnaire research on inportant PL
elements [6]. The itens relating toterm nal area and final
approach are listed in table 1. Each SA conponent has been
eval uated to establish its source and whet her each item
potentially will be effected by the Data Link environnment set
for this experinent.

As can be seen in table 1, a nunber of tower-related SA itens
will not be relevant in this study in that there is no tower ATC

TABLE 1. Sl TUATI ON AWARENESS | TEMS AND SOURCES FOR EACH | TEM

SI TUATI ON AWARENESS | TEM SOURCE AFFECTED?
NEXT COW FREQUENCY ARRI VAL/ FI NAL ATC YES
WEATHER S| TUATI ON ATl S NO
WEATHER S| TUATI ON Al RCRAFT YES
TRAFFI C SI TUATI ON ARRI VAL/ FI NAL ATC YES
SEQUENCI NG ARRI VAL/ FI NAL ATC YES
HOLD SI TUATI ON ARRI VAL/ FI NAL ATC NO
TERM NAL ROUTI NG ARRI VAL/ FI NAL ATC YES
APPROACH CLEARANCE ARRI VAL ATC YES
CONTROLLER ERRORS ARRI VAL/ FI NAL ATC YES
M SSED APPROACH TONER ATC NO
W NDSHEAR Al RCRAFT NO
GO AROUND Al RCRAFT/ TONER ATC NO
Al RCRAFT ON RUNWAY Al RCRAFT/ TONER ATC NO
BRAKI NG ACTI ON Al RCRAFT/ TONER ATC NO
TAXI WAY TURNOFF TONER ATC NO




position. The itens that will be handled by the ARTS I Il A Data
Li nk message sets relate exclusively to ATC instructions for

al titude, course, or speed changes and runway cl earances. Use of
the Data Link nedium for these nessages may influence the traffic
SA of pilots. Oher SA information, such as weather, wll
continue to be comruni cat ed using voi ce.

Thus, in a flight scenario where Data Link is the only nmediumfor
transmtting navigational instructions, pilot SA effects will be
l[imted to a probable reduction in their understanding of the
positions, novenments, and plans of other aircraft relative to
their omn. Consequently, this study will focus on what wll be
called "traffic SA." However, there may be indirect effects of
Dat a Li nk use on weat her awareness as well. If a pilot is not
informed as tothe relative positions of aircraft ahead, VHF
comuni cations by these aircraft about inclenment weather

condi tions may be heard, but not conprehended as rel evant.

Endsl ey has defined three levels of SA[7]. Level 1 involves the
perception of situational elenments or the inportant facts in the
environment. In Level 2, "Information Integration," the operator
determ nes the nmeaning of this information and then is able to
generate Level 3 SA "Projection of Future Status and Actions of
Situational Elenents.” 1In this experinent, SA wll| be assessed
by aski ng about surrounding aircraft, by observing pil ot

responses to a scripted weat her problem and by assessing
attitudi nal factors.

Level 1 SA (environnment perception), will be probed using two

met hods of traffic awareness . The first will only be used for
downwi nd approaches, given the Ilimted flight tinme in straight-in
arrivals. About ten mnutes after injection into the problem
(before cockpit workl oad has reached a peak), the NFP w |l be
asked to mark the |ocation and altitude of nearby traffic on a
sinpl e map. For all approaches, as soon as a sinulator has
transferred communi cation to the final sector frequency, three
brief questions will be asked of the aircrew. |In order to sanple
shared SA, either pilot will be allowed to answer. The questions
ar e:

a. Wat aircraft is imedi ately ahead of you?

b. Name another aircraft at your altitude.

c. How far outside the marker is ATC going to turn you into
final?

In order to conpare pilot reports against the real ATC situation
a video canera will tape each scenario at an unoccupi ed
workstation inthe ARTS IIIAlab. This will be sufficient to
collect aircraft datain the final sectors. SA map conpari son
data will be available fromARTS Il A conputer files.



The SA maps and probe questions will be initiated by the site
coordinator. Responses wll be noted along wth conmputer clock
time. The coordinator will be permtted to use discretion to
skip an SA neasurenent event if the flight crewis too busy, if
the content of the probe is inappropriate given the aircraft's
phase of flight, or for other reasons.

Level two SA neasure will be problemrelated and will be
measur ed during one flight each run. While in the arrival
sector, (shortly after the map data has been collected) the ARTS
1l A ETG generated aircraft ahead of a flight sinmulator will use
voice to report turbul ence and request a different altitude.

The site facilitator will note whether the flight crew di scussed
the weather situationand if a change in altitude or headi ng was
request ed.

Level three SA neasure will focus on pilot attitudes. After
eachrun, the site facilitator will ask the pilots to conplete a
short questionnaire. Itens wll include quality of

comuni cation, pilot confidence, anount of information
avai |l abl e, planning capabilities, safety assessnent, and
comment s.

4.4.5 Subjective Wrkl oad.

The use of cockpit Data Link may affect pilot workl oad and
wor kl oad may vary given different alerting, display |ocation,
and nessage presentation (text versus voice) conditions.
Wor kl oad wi Il be neasured using a undi nensional instrunment, the
Modi fi ed Cooper-Harper Scale [8]. After each flight, the site
facilitator will ask each nmenber of the flight crew to note

t heir peak workload |l evel during the prior flight on a single,
ten-step scale.

4.4.6 Head-Down Tine.

Accessi ng, reading, and responding to Data Link nessages nmay

i ncrease head-down tinme. |In order to assess this, a video
canerawi || be positioned behind the pilots along the centerline
of each cockpit. It will be ained to show the backs of the

pilots heads, the glare shield Data Link annunciator |ights, and
the Data Link CDU. During each flight, a video record wll be
made of pilot head novenents. As each Data Link nessage is
received (as marked by the activation of the SELCAL sound), the
time each pilot spends | ooking at the Data Link CDU will be
measured. Wiile this will not provide data on head-down tine
for reasons other than Data Link, it will allow an assessnent of
t he anobunt of visual attention the Data Link system comands.

4.4.7 Fuel Burn.

Each simulator site has the capability to neasure fuel used.
Fuel burn wll be neasured fromthe tine of release fromthe



insertion point until touchdown. This will be recorded by the
site coordinator after each flight.



4.4.8 Crew Interactions.

During each flight, crew discussions regarding Data Link will be
recorded, using the audio input of the cockpit video canera. In
addition, inflight observers will annotate pilot conmments and
reactions.

4.4.9 Subjective Opinions.

At the end of each run, pilots will be asked to respond to
questions regarding the usability of the Data Link interface. At
the end of each day, the pilot will be encouraged to offer

f eedback regarding cockpit Data Link inplenentation.

4.4.10 Time Coordination.

Al'l conputers involved in the simulation will receive regular
time codes fromthe FAA Technical Center's Mtorola conputer to
ensure conparability of data records. A conputer tine clock wll
be di spl ayed in each cockpit for the site coordinator.

4.5 ATC MESSAGES.

The ATC nessage set consists of the follow ng Data Li nk nessages:
transfer of control (TOC), menu text (MI), and term nal
information (Tl). These are nore conpletely described in
appendi x A. Arandomy selected sinmulated equi pnent delay tine
of zero to four seconds will be used with the Data Link nessages.
There will be no sinulated Data Li nk communi cation failures
injected, and pilot wilco responses will be tinmed out after 40
seconds at the ARTS display. 1In the voice-only runs, ATC
instructions will consist of typical voice transactions for the
term nal area.

4.6 FLI GHT SCENARI OS.

One basic flight scenario wll be witten for the experinent and
each aircrew w ||l experience it three tinmes (twce in the Data
Link conditions and one in the voice condition). Aircraft
identifiers wll be varied between runs to reduce the chance that
pilots will be able to renmenber aircraft around them Aircraft
targets will be generated by the ARTS Il A ETG system and by the
four renote flight sinulators. Scenarios will be designed to
operate with aninstantaneous traffic |oad of approximately five
to eight aircraft in each of the two sectors (arrival and final)
per side of the airspace (east and west).

Runs will last 1 1/2 hours each with 3 arrival flights per run.
Aircraft will be 100 percent voice (no Data Link) in the voice-
only conmuni cation condition and a m xture of 80 percent Data

Li nk and 20 percent voice equi pped in the Data Link conmuni cation
conditions. Flight simulators will always be Data Link equi pped
in Data Link runs. Data Link aircraft will be permtted to use
voi ce conmuni cation during Data Link runs. This wll result in



decrease, but not elimnation of the frequency of voice nessages
in the Data Link condition.

The rationale for a mxture of Data Link and voice-only aircraft
and allowi ng controllers to use voice in Data Link conditions is
that it is nore like the anticipated real-world situation. There
will continue to be (for the foreseeable future) non-Data Link
aircraft and controllers will not be restricted to using Data

Li nk only. Under these conditions, there will still be a drastic
reduction invoice radio traffic in the Data Link experinental
conditions. It will be interesting to determ ne whether the rare

voi ce-only aircraft in Data Link runs will be nore likely to
enter the SA of sinulator pilots flying in Data Link-equipped
aircraft.

Flights will be conducted in the Ral ei gh-Durhamterm nal

ai rspace. Conditions will be instrument flight rules (IFR) with

| 000 foot ceiling and 3 mles visibility. (See appendi xes C and
D for conplete descriptions of the airspace and m ssion.) Flight
simul ators and conputer-generated ETG aircraft wll fly downw nd
or straight-in approaches to both runways. No departures will be
flown. Flight sinulators will be assigned to one type of
approach and will alternate runways. This will result in a

conpl ete set of data for all approach types for any given

bet ween- or w thin-subjects conparison

Crews wll be asked to hand-fly all approaches. VWile this is
not necessarily normal procedure, it will require nore effort
than using the autopilot. Data Link comrunication can then be
assessed in awrst case (for normal flight conditions) rather
than | ow cockpit workl oad environment. Crews wll fly until the
aircraft has touched down at which point the simulator will be
reset to the next starting point.

4.7 SUPPCORT PERSONNEL

In the ARTS II1 A | aboratory, four air traffic controllers from
the Air Traffic Data Link Verification team (ATDLVT) have been
recruitedto act as controllers. Local pilots will be trained in
t he operation of the ARTS IIIA ETG pilot termnal and will act as
pseudo-pilots. Additional personnel will be needed in the ARTS
I11Alab to act as Data Link term nal operators. These
individuals will be FAA or CTA staff. See appendix E for a

di agram of the ARTS II1 Al aboratory workstation |ayout.

A site coordinator will be stationed at each renote simul ator
location. It will also be the coordinator's responsibility to
ensure that the subject pilots arrive on tine and at the proper
| ocation. The coordinator (who is also a pilot) wll greet
visiting pilots and provide an orientation briefing and training
session. The coordinator will ride "junp seat" during the

m ssions to gather data, as required. This person will also



serve to answer any pil ot subject questions once the m ssion has
begun. A local technician or other assistant will handle

communi cation with the FAA Technical Center and ot her tasks
required to conduct the simulation. See appendix F for a list of
support staff.

4.7.1 Training Oientation.

Prior to the experinment, flight crews will be sent information on
t he airspace, scenarios, and operation of the Data Link
interface. Wen each crew arrives at a sinmulator site (1 1/2
hours before the first flight), the site coordinator will provide
a briefing on the goals of the experinent, airspace
characteristics, operation of the Data Link cockpit interface,
and cockpit procedures. Pilots will be able to exercise the Data
Li nk comruni cati on system by invoking a selftest function. This
will permt themto display and respond to a set of typical Data
Li nk nmessages. Followng this, an off-line Data Link simulator
practice flight of 20 mnutes duration wll follow an approach
sequence to allow crews to practice cockpit and Data Link
Procedures.

4.8 DATA REDUCTI ON AND ANALYSI S.

Data Link data fromflight sinmulators will be contained on
conput er di skettes in IBM PC conpatible format. The disk files
wi Il holdrecords of all Data Link nessages, |ogs of al
keystrokes and tine events as described in section 4.4.1. 1In
addi tion, the ARTS processor will provide information on

si mul ator navigation. The laboratory voice switching systemw ||
record voice transactions. There will also be data from
questionnaires and vi deotapes as collected by the site
facilitator.

Appropriate statistical neasures including analysis of variance
(ANOVA) w Il be conputed on the resulting sets of dependent
measures. It will be possible to exam ne the effects of each

i ndependent variable (alerting, |ocation, and nessage display) as
well as the interactions of these vari ables.

5. SCHEDULE.

The daily test schedule for this experinent is found in appendi x
G

5.1 SHAKEDOM TESTI NG

Prior to the experinment, 4 weeks of trial runs wll take place
(begi nning the week of March 22, 1993). The first week will be
devoted to testing the flight scenario wi thout flight sinulators.
Following this (starting the week of March 29, 1993), flight
sinmulators wll be tested in groups, as available. During the
final week of debugging, all four sinulators will be included and




simul ati on system functions, aircraft coordination, and data
coll ection procedures wll be tested.

On April 15, 1993, the experiment will officially start with
controllers and flight crews. However, the first 2 days of data
collected will be used as backup should technical problens
interferewith experinental trials and to replace m ssing data
fromApril 22,

1993, that will be lost due to a scheduling problemw th one of
the flight sinmulators. During the shakedown period, any areas
overl ooked in planning will be identified and corrected.

5.2 EXPERI MENT.

During the period April 15 and 16, April 19 through April 23,
and April 26, 1993, 8 days of experinental trials wll be
conducted. Training of flight crews will start at 1230 EST and
debriefing wll occur after the last flight, with the day endi ng
at 2030 EST. Experinental trials will begin at 1400 EST and end
at 2000 EST each day.
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| . SERVI CE DESCRI PTI ON.

There are four uplink and one downlink services defined for this
evaluation. The uplinks are transfer of control (TOC), nmenu text
(M), termnal information (TlI), and communi cati ons backup. The
downlink is a service called initial contact (I C which provides
the controllers with information regardi ng current Autonated
Term nal Information Service (ATIS) and altitude cl earance.
Protocol definitions for link transfer syntax of each nessage are
contained in [9].

[.1. TOCC

This service is the process whereby controllers and pilots
coordi nate radi o frequency changes to and fromen route sectors,
arrival sectors, and approach sectors. The uplink information
consists of the new controlling authority (sector designation or
center nanme) and the new frequency. The current frequency wll
be retained on the Data Link display as old frequency. Pilot
response to TOC will be the I C nessage (section 4.1.5, in|[l]).
The maxi mum nunber of characters in a TOC nessage is 18.

1.2 M

A nessage of this type can be an altitude, heading, or speed
assignnent. As a single MI nessage, each assignnent will be a
character string up to 18 characters in length. MI nessages can
al so be linked froma conbination string up to 54 characters in
I ength. Thus a single MI nessage can contain fromone to three
assignnments in any conbi nation (except repeat clearances). The
pil ot response to an MI nessage is a wilco or unable downlink.

1.3 TI.

This service provides a text nessage to the pilot of up to 40
characters in length. Tl nmessages contain information such as:

Exanpl e a: "Expect vectors to ILS approach”
Exanple b: "Fly present heading to intercept ILS-31R"
The pilot response to a Tl nessage is a wlco or unable downli nk.

It is interesting to note that a Tl nessage nay be conbined with
up to two MI nessages to forma character string up to 76
characters in length. An uplink message with TI and MI' conbi ned
W ll contain up to three elenents. The pilot response to the
entire message is wilco or unable.

1.4 COVMUNI CATI ONS BACKUP

This service is not presently inplenented in the term nal
t est bed.







1.5 IC

This is a nessage generated by the flight crew either manual ly or

automatically, and is sent as a response to TOC uplinks. 1IC
contains the wlco/unable response and al so contains the current
ATIS (letter) designator and | ast assigned altitude. ICis

al ways expected as a response to TOC in term nal airspace.
1.6 TRANSACTI ON DEFI NI TI ONS.

Table A-l shows the term nal services and associ ated expected
replies.

TABLE A-1. EXPECTED DATA LI NK TRANSACTI ONS | N TERM NAL
OPERATI ONS.
Operation Sequence Upl i nk Message Response
Arrival 1. TOC to Arrival | C
sect or
2. Tl or M or W | co/ unabl e
T/ MI
N Tl or M or W | co/ unabl e
T/ MI
NI TOC to final | C
approach sector
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1. HONEYWELL DATA LI NK CDU

The Airborne Data Link Study wll be conducted with end-to-end
simulations involving pilots flying flight sinulators in nmultiple
| ocations and air traffic controllers working in the FAA

Techni cal Center, Atlantic Cty, NJ.

Provi di ng Data Link comruni cations capability in the sinulator
flight decks will be a Honeywell CDU specially nodified for

pur poses of the experinent. See figure B-1 for a diagramof the
Honeywel | CDU.

Sone of the CDU control keys have been deactivated, and others
have been assigned functions not normally associated with the
keys. Atenplate specifying those special functions wll be
provi ded in each sinmulator flight deck for ready reference.

The Honeywel | Data Link CDU has been nodified to use the "DSPLY"
annunci ator light in the upper left hand corner of the unit to
notify the pilot that a nmessage has been received. In al

simul ators, additional aural or aural plus visual alerts wll be
provided. Al other lights on the top of the CDU screen are non-
functional for purposes of this study.

The pilot uses four line select keys on the left and four on the
right side of the screen as action keys to select available
functions. Keys below the CDU screen have the foll ow ng
functions:

PERF | nacti ve.

NAV | nacti ve.

PREV Previ ous page display when appropri ate.

NEXT Next page di splay when appropri ate.

FPL | nacti ve.

PROG Repl ays (voice if enabled) of currently sel ected
nmessage.

DIR Di spl ays and voices (if enabl ed) nost recent ATC

message when the "DSPLY" indicator is lit.

O the selections displayed under ATC I NDEX, all but "LOG' and
"MESSACGE TO ATC' have been deactivated for this study. Selecting
LOG wi Il provide a subject and status listing, three to each
page, of all messages in storage. Selecting MESSAGE TO ATC wi | |
enabl e conposition of a nmessage using the al pha-nuneric keypad.
However, this function is not enabled and will not be used during
t he experi nent.

The sequence of events to display a Data Link nessage are as
fol | ows:

1. A sound or a sound plus an indicator light on the glare
shield will indicate the receipt of a Data Link nessage.



B-1
2. The PNF will depress the DIR key on the Honeywell CDU, and
the message will be displayed (and voiced if enabl ed).

3. The PNF will respond to the nessage with by pressing
either the "wilco" or "unable" key on the CDU.

In the nessage LOG the nost recent nessage will be displayed
first. The PREV and NEXT keys will electronically turn the
LOG pages, and any desired nessage can be retrieved by
pressing the line select key next to that nessage. Pilots
will only be sent one Data Link nessage at a tinme. The
current nessage nust be responded to (wilco or unable) before
a new nessage can be sent by ATC.
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1. Al RSPACE DEFI NI TI O\

This evaluation will be conducted in a simulation of term na
ai rspace surrounding the Ral eigh-Durham (North Carolina) airport
(RDU) . The airspace is marked by fix points formng an annul ar

demar cation, roughly equidistant fromthe airport. Traffic which
constitutes arrivals is <cleared through four fixes at the
perinmeter of the airspace, <close to the magnetic conpass
guadr ant s.

Figure C |, excerpted from|[14], shows the RDU term nal airspace,
including the four fix points used as cornerposts. These are
ARGAL, BRADE, BUZZzZY, and ALDAN. Streans of arrival aircraft are
vectored onto east arrival patterns wusing ARGAL and BRADE
intersections, and west arrival patterns using ALDAN and BUZZY
i ntersections.

Ral ei gh- Durham airspace operates parallel runways oriented at

230/ 50 degrees magnetic headi ng. Both runways will be in use
during the evaluation. Al traffic will use runway 23 (L and R
Traffic using the west arrival patterns wll use runway 23R
while the east arrivals will |and on runway 23L.

Jet aircraft using the cornerpost fixes are required to cross
ARGAL, BUZZY, and BRADE at 11,000 feet, and ALDAN at 10, 000 feet.
Non-jet aircraft are required to cross ARGAL and ALDAN at 8000
feet, and BUZZY and BRADE at 11, 000 feet.

Arrival flow rate is a function of weather, nunber of active
runways, and en route traffic |oading. By the conditions
stipulated in [14], the arrival flow rates range from 42 to 60
aircraft per hour. The experinment uses as its basis a flow rate
of 60 aircraft per hour.

Aircraft landing RDU will receive beacon code assignnments from
Washi ngton Center, and use the sane code for the duration of the
flight. Wather conditions for this evaluation will be 1000 foot
ceiling and 3 mles visibility, with RDU terrain visualization at
tw | ight/dusk skies, and runway and surface |ighting.






FIGURE €-1., RALEIGR-DURHAM AIREFACE.
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1. M SSI ON DESCRI PTI O\
1.1 INTIAL PCSI TI O\

Aircraft sinmulators will begin near the cornerposts for the east
or west arrivals, fixed in space, set up for initial approach
conditions, eg., heading, speed, altitude. Aircraft state such
as engine thrust will need adjustnent so that the aircraft enters
t he scenario snoothly. The point |ocating aircraft position at
scenario startup is referred to as the initial point (IP)

The I Ps for ARGAL and BRADE are approximately 17 mles east and 8
mles north and 22 mles east and 12 mles south of the
cornerposts respectively. [1Ps for ALDAN and BUZZY are
approximately 5 mles west and 18 mles north and 10 mles south
and 8 mles west of these cornerposts respectively.

Initial altitudes are 11,000 feet nean sea level (MSL) for ARGAL,
BUZZY, and BRADE, and 10,000 feet for ALDAN. Initial speeds are

290 kts for all aircraft. Initial headings are 243 degrees
(ARGAL), 300 degrees (BRADE), 171 degrees (ALDAN), and 60 degrees
(BUZZY). Table DI lists the I P reference data.

TABLE D-1. I NITIAL PCSI TI ON REFERENCE DATA

Arrival Initial* Crossi ng Fl i ght
Fi x Posi tion Al titude Segnent
Beari ng Di st ance
in in
Degr ees Naut i cal
M I es
ARGAL 068 52 11, 000 MSL Arrival
BUZZY 234 52 11, 000 MSL Arrival
BRADE 125 52 11, 000 MSL Arrival
ALDAN 341 52 10, 000 MSL Arrival

*Bearing and distance to airport.

1.2 M SSI ON PROFI LE

Flight crews placed into the scenario at arrival IP wll be
expected to hand-fly standard approach transitions. Vectors from
air traffic control wll maneuver the aircraft through over- and
under-flight traffic to an intercept wwth the Instrunment Landi ng
System (ILS) for a procedural landing. Crews are expected to
execute a landing to a full stop. No departures will be flown.
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During the data collection runs, sone flights will be voice
only, and sonme will be Data Link with voice. It is expected
that threeflights per run will be executed. Sinmulators wll
fly fromeither ARGAL and ALDEN or BRADE and BUZZY, alternating
| P between flights.

1.3 SCHEDULE OF FLI GHTS.

Table D2 lists the start tines, |IPs, corner posts, aircraft
identifiers, and beacon codes for each scenario. Sinulator
sites should refer to this table when setting up to participate
in the experinent.

TABLE D-2. SCENARI O REFERENCE DATA

SCENARI O A
TGT. START I NI TI AL CORNER ACI D BEACON SI MULATOR
NO. Tl VE PO NT POST CCDE
16 12: 00: 45 | 234/ 52 BUZZY AAL140 | 2140 AVI A
42 12:32:15 | 125/ 52 BRADE AAL240 | 2240 AVI A
68 13: 04: 45 | 234/ 52 BUZZY AAL340 | 2340 AVI A
14 12: 00: 39 | 125/ 52 BRADE DAL130 | 2130 DELTA
43 12: 33: 30 | 234/ 52 BUZZY DAL230 | 2230 DELTA
69 13: 06: 00 | 125/ 52 BRADE DAL330 | 2330 DELTA
13 12: 00: 36 | 068/ 52 ARGAL TWA110 | 2110 NASA
33 12:21: 00 | 341/ 52 ALDAN TWA210 | 2210 NASA
54 12:47:15 | 068/ 52 ARGAL TWA310 | 2310 NASA
70 13: 07: 15 | 341/ 52 ALDAN TWA410 | 2410 NASA
15 12: 00: 42 | 341/ 52 ALDAN USA120 | 2120 XK ATY
37 12: 26: 00 | 068/ 52 ARGAL USA220 | 2220 XK ATY
53 12: 46: 00 | 341/ 52 ALDAN USA320 | 2320 XK ATY
/1 13: 08: 30 | 068/ 52 ARGAL USA420 | 2420 XK ATY
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TABLE D-2. SCENARI O REFERENCE DATA (conti nued)

SCENARI O B

TGT. START I NI TI AL CORNER ACI D BEACON SI MULATOR

NO. Tl VE PO NT POST CCDE

16 12: 00: 45 | 234/ 52 BUZZY AAL140 | 2140 AVI A

42 12:32:15 | 125/ 52 BRADE AAL240 | 2240 AVI A

68 13: 04: 45 | 234/ 52 BUZZY AAL340 | 2340 AVI A

14 12: 00: 39 | 125/52 BRADE DAL130 | 2130 DELTA

43 12: 33: 30 | 234/ 52 BUZZY DAL230 | 2230 DELTA

69 13: 06: 00 | 125/ 52 BRADE DAL330 | 2330 DELTA

13 12: 00: 36 | 068/ 52 ARGAL TWA110 | 2110 NASA

33 12:21: 00 | 341/ 52 ALDAN TWA210 | 2210 NASA

54 12:47:15 | 068/ 52 ARGAL TWA310 | 2310 NASA

70 13: 07: 15 | 341/ 52 ALDAN TWA410 | 2410 NASA

15 12: 00: 42 | 341/ 52 ALDAN USA120 | 2120 XK ATY

37 12: 26: 00 | 068/ 52 ARGAL USA220 | 2220 XK ATY

53 12: 46: 00 | 341/ 52 ALDAN USA320 | 2320 XK ATY

/1 13: 08: 30 | 068/ 52 ARGAL USA420 | 2420 XK ATY
SCENARI O C

TGT. START I NI TI AL CORNER ACI D BEACON SI MULATOR

NO. Tl VE PO NT POST CCDE

16 12: 00: 45 | 234/ 52 BUZZY AAL140 | 2140 AVI A

42 12:32:15 | 125/ 52 BRADE AAL240 | 2240 AVI A

68 13: 04: 45 | 234/ 52 BUZZY AAL340 | 2340 AVI A

14 12: 00: 39 | 125/52 BRADE DAL130 | 2130 DELTA

43 12: 33: 30 | 234/ 52 BUZZY DAL230 | 2230 DELTA

69 13: 06: 00 | 125/ 52 BRADE DAL330 | 2330 DELTA

13 12: 00: 36 | 068/ 52 ARGAL TWA110 | 2110 NASA

33 12:21: 00 | 341/ 52 ALDAN TWA210 | 2210 NASA

54 12:47:15 | 068/ 52 ARGAL TWA310 | 2310 NASA

70 13: 07: 15 | 341/ 52 ALDAN TWA410 | 2410 NASA

15 12: 00: 42 | 341/ 52 ALDAN USA120 | 2120 XK ATY

37 12: 26: 00 | 068/ 52 ARGAL USA220 | 2220 XK ATY

53 12: 46: 00 | 341/ 52 ALDAN USA320 | 2320 XK ATY

/1 13: 08: 30 | 068/ 52 ARGAL USA420 | 2420 XK ATY

D-3
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ARTS LABORATORY PLAN



ARTS LABORATORY

The ARTS II1A |aboratory is located in the FAA Technical Center
and is conposed of 11 controller workstations (figure E-I) and
associ ated data processing equi pnent. For this study, eight of
the displays were used by controllers or pseudopilots and one
unit was nmoved outside the |aboratory room and equipped with a
vi deo recordi ng system Unit 11 was used as a "ghost sector”
where sinmul ators and conputer generated aircraft appeared before
they were handed off to arrival controllers. Three Data Link
wor kst ati ons were added to the existing equipnent. They served
to display Data Link nessages sent by controllers to
pseudopi | ot s.




—ACT

EASI

WEST WEST FINAL
DATA FINAL ETG
LINK ARRIVAL ETG
ETG

DATA

EAST LINK

ARRIVAL
124.95

EAST N N

6 FINAL
124.80

12

VIDEO

WEST RECORDING
5 FINAL
135.15

WEST
4 ARRIVAL

128.30 < COMMUNICATION
CONNECTIONS

EAST
3 ARRIVAL
ETG

DATA
LINK

MOVE TO 11
POSITION
12

GHOST
131.10

FIGURE E-1. ARTS LABORATCRY PLAN. (“ETG = Pseudopilot)
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Per sonnel Assi gnnments

Test Director Ri chard Mogford
Facilities Coordinator Jerry Quttman
Chi ef Site Coordi nator Andy Neust adt er
Sinmul ator Site Coordinators
NASA Anes Bob Ceary
Ki m Mort enson
Ol ahoma City Tom MG | |
Delta Airlines John Dechar a
AVI A Research John Zinc
Sinmul ator Site Technical Support Lou Conover
NASA Anes Jerry Jones
| an MaclLure
Ol ahoma City Ji m Nebgi n
Delta Airlines Sean Sandlin
AVI A Research Dave Avery
ARTS Data Link Operators Ri cki e Jones
Sherry Couri ngton
Paul a Amal di
ARTS ETG Simul ator Pilots Snokey Mosel y
Nat Thomas

Jeff Craner

Di ck Kearns
Fred Font ana
Frank Font ana

ARTS Air Traffic Controllers Charl otte Long
Dave Lister
Joe D Alessio
Jerome Karrels

John Drug

Evan Dar by

Rick Oznore
ARTS Vi deo Qper at or Sherri Morrow
ARTS Ghost Position Controller Ji m Mer el

F-1






VAX Operations

ARTS Operation

ARTS Conput er

S

Mai nt enance

F-2

CGeorge Chandl er
Cuong Le

Joe Lunder
M ke Headl ey

Bill Cole
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DAILY TEST SCHEDULE

Eastern Standard Ti ne

1230 - 1400 Pilot Orientation
1400 - 1530 Run 1

1530 - 1545 Debri ef

1545 - 1645 W©Meal Break

1645 - 1815 Run 2

1815 - 1830 Debrief and Break
1830 - 2000 Run 3

2000 - 2030 Debri ef

Central Tine

1130 - 1300 Pilot Orientation
1300 - 1430 Run 1

1430 - 1445 Debri ef

1445 - 1545 W©Meal Break

1545 - 1715 Run 2

1715 - 1730 Debrief and Break
1730 - 1900 Run 3

1900 - 1930 Debri ef

Paci fic Standard Ti ne

0930 - 1100 Pilot Oientation
1100 - 1230 Run 1

1230 - 1245 Debri ef

1245 - 1345 W©Meal Break

1345 - 1515 Run 2

1515 - 1530 Debrief and Break
1530 - 1700 Run 3

1700 - 1730 Debri ef



MARCH

SUNDAY MONDAY TUESDAY WWEDNESDAY THURSDAY FRI DAY SATURDAY
1 2 3 4 5 6
7 8 9 10 11 12 13
INTERFACE TESTING
14 1 - INSTAL-L DL HARDWARE IN FIELD - 30
INTERFACE TESTING
|DEBUG SCENARIOS
INSTALL DL HARDWARE IN FIELD
21 == Lan Lo S Lon 27
DEBUG SCENARIO (4 hrs., 2 days)
DEBUG WITH SIMULATORS
(4 hrs., 1 day)
28 29 30 31

G2




APRI L

SUNDAY MONDAY TUESDAY VEEDNESDAY THURSDAY FRI DAY SATURDAY
1 [2 3
DEBUG WITH
SIMULATORS
(4 hrs., 1 day)
4 5 6 7 8 9 10
DEBUG WITH SIMULATORS (4 hrs., 2 days)
11 DEBUG WITH 15 16 17
SIMULATORS TEST 1230-2030
(4 hrs., 1 day)
18 1 TEST 1230-2030 24
TEST
1230-
25 2030 27 28 29 30

G3




